ABSTRACT. Tetraaza Schiff base macrocyclic ligands, L 1 ,L 2 and their transition metal chelates have been synthesized and characterized by elemental analyses, IR, electronic, EPR and 1 H NMR spectra, TGA and magnetic measurements. The molar conductance of one milli-molar solution of the complexes measured in DMF indicates that the divalent metal complexes are nonelectrolyte while those of trivalent metal ion, are 1:1 electrolytic in the same solvent. The reduction of Racah parameter from the free ion value confirms the presence of considerable covalence of metal ligand sigma bond in the Co(II) and Mn(II) complexes. The EPR spectra of Cu(II) complexes at room temperature shows axial symmetry indicating a dx 2 -y 2 ground state with significant covalent character. The thermal analysis suggests that the complexes do not contain water molecules because only the metal is left as residue.
INTRODUCTION
Complexes of metal ions with synthetic macrocycles assume importance because it possesses a controlled geometry. These have been widely studied because of their applications in biological systems. 1 For example, manganese complexes involving tetradentate Schiff base derivatives are most versatile and interesting synthetic systems. 2 Some of these types of complexes were found to be artificial mimics of the biological enzymes such as Mncatalase, 3 Mn-superoxide dismutase, Mn-ribonucleotide reductase and in particular, the Mn-peroxidase that protects cells against hydrogen peroxide induced oxidative stress. It has been observed that the catalytic activity of the Schiff base complexes is very sensitive to minor structural changes. Photophysical and catalytic properties of the Schiff base complexes have also been studied. 4, 5 Recently, pentadentate (N 3 O 2 ) ligands with several ring substituted salicylaldehydes have been prepared and their complexes with a variety of metal ions have been thoroughly explored.
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In the last decade, Schiff base ligands have received more attention mainly because of their wide application in the field of synthesis and catalysis. 6 The attraction is still growing, such that a considerable research effort is today devoted to the synthesis of new Schiff base complexes with transition 7 and main group metal ions 8 to further develop applications in both catalysis and material chemistry. 
EXPERIMENTAL
Acetylacetone, benzil (Fluka), triethylenetetramine (Merck), hydrated metal chlorides (BDH) were used as received. Methanol was distilled and dried by conventional methods.
Elemental analyses (C, H, N) were carried out with a 1106 Carlo Erba analyzer. The metals were determined by complexometric titration using EDTA and chlorine was determined gravimetrically. The IR spectra (4000-450 cm -1 ) were recorded on a RXI FT-IR spectrometer as KBr discs. The conductivity measurements were carried out with a CM-82T Elico conductivity bridge in DMF. The electronic spectra were recorded on a Cintra 5GBC spectrophotometer in DMSO. Magnetic susceptibility measurements were done with a 155 Allied Research vibrating sample magnetometer at room temperature.
1
H NMR spectrum was recorded on a Bruker ACF 300 spectrometer at 300.12 MHz, using TMS as a reference in DMSO-d 6 . EPR spectra of polycrystalline samples were recorded on a RE-2X Jeol EPR spectrometer fitted with 100 KHz field modulation. The TGA was performed with a Perkin Elmer thermal analyzer. The experiment was done in nitrogen atmosphere using calcinated Al 2 O 3 as reference material.
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The weight of the sample taken was 8 mg and the heating rate was kept at 10
Synthesis of Ligand L

1
Distilled triethylenetetramine (1.42 mL, 10 mmol) was added drop wise to a methanolic solution (100 ml) of benzil (2.10 g, 10 mmol) with stirring. The resulting mixture was heated at 80 o C for 3 to 4 h in a 250 ml round bottomed flask equipped with the reflux condenser protected from atmospheric moisture. The reaction mixture was then permitted to stand at room temperature overnight. The light yellow precipitate deposited was removed by filtration under suction pressure. It was washed thrice with cold methanol and dried in vacuo. Yield, 1.86 g (58%).
Synthesis of Ligand L
2
Distilled triethylenetetramine (1.42 mL, 10 mmol) was added dropwise to a methanolic solution (100 ml) of acetylacetone (1.03 mL, 10 mmol) with stirring. The resulting mixture was heated at 80 o C for 3 to 4 h in a 250 ml round bottomed flask equipped with the reflux condenser protected from atmospheric moisture. The reaction mixture gradually turned orange. The reaction mixture was then permitted to stand at room temperature overnight. The precipitate deposited was removed by filtration under suction pressure. It was washed thrice with cold methanol and dried in vacuo. Yield, 1.12 g (53%).
Synthesis of Complexes of Ligand L
1
Distilled triethylenetetramine (1.42 mL, 10 mmol) was added drop wise to a methanolic solution (100 mL) of benzil (2.10 g, 10 mmol) with stirring. The resulting mixture was heated at 80 o C for about half an hour in a 250 ml round bottomed flask equipped with the reflux condenser protected from atmospheric moisture. Calculated amount of fresh hydrated metal chloride dissolved in the methanol (50 ml) was added. The mixture was heated under reflux for next 3 to 4 h and then the volume was reduced to half. The solid complexes that separated out were filtered, washed with cold methanol, recrystallized from a DMF-DMSO mixture (1:1) and dried in vacuo. Yield (63-76%).
Synthesis of Complexes of Ligand L 2
Distilled triethylenetetramine (1.42 mL, 10 mmol) was added drop wise to a methanolic solution (100 mL) of acetylacetone (1.03 mL, 10 mmol) with stirring. The resulting mixture was heated at 80 o C for about half an hour in a 250 ml round bottomed flask equipped with the reflux condenser protected from atmospheric moisture. Calculated amount of fresh hydrated metal chloride dissolved in the methanol (50 ml) was added. The mixture was heated under reflux for next 3 to 4 h and then the volume was reduced to half. The coloured solid complexes that separated out were filtered, washed with cold methanol, recrystallized from a DMF-DMSO mixture (1:1) and dried in vacuo. Yield, (56-79%).
RESULTS AND DISCUSSION
The ligands were synthesized by refluxing a mixture of triethylenetetramine with benzil (L ). The contents were left overnight which yielded the ligand. Metal complexes were synthesized directly by the addition of hydrated metal chloride solutions to the ligand solution in the same solvent (Figs. 1-4). Since the yield of the complexes was too poor (10 to 15%), the template method was employed. In this method the ligand was not isolated. The metal chloride was added to the ligand under preparation. All the complexes were formed in 1:1 ratio. They are stable in air and decompose at high temperature ( Table 1 ). The ligands are hygroscopic whereas all the complexes are non hygroscopic in nature. It may be rationalized in the following way. The lone pair of electron of free amino group takes up the water molecule through hydrogen bonding and gets stabilized. But when the complex is formed these lone pair of electrons is used up in complex formation with metal ions.
The molar conductance of one millimolar solution of the complexes measured in DMF indicated that divalent complexes are non electrolyte while those of Fe(III) are 1:1 electrolyte 10 ( Table 1) .
IR Spectra
The solid state IR spectra of the ligands (Table 2) show a single absorption band in 3396-3428 cm -1 region corresponding to free secondary amino group. It is shifted to lower wave number by about 50 to 100 cm -1 after coordination of the metal ions with nitrogen atoms of the ligands.
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Generally the ν(C=N) and ν(C-N) absorb in the 1600-1650 cm -1 and 1350-1450 cm -1 ranges respectively, although in a highly conjugated system the ν(C=N) appears at lower wave number as has been found by Patra and Goldberg 12 in such systems. However, these bands have been found to be shifted to lower wave number in the complexes (Table 2) . 
Electronic spectra
The magnetic moment values and electronic spectral bands are given in . The band exhibited in the 14,000 to 15,000 cm -1 region has been assigned to the
E g transition which is characteristic of an octahedral copper(II) ion. 17 It has been reported that the magnetic moment of Cu(II) complexes fall in the region of electron-electron repulsion in these complexes is less than the free ion, resulting in the increased distance between electrons and thus, an effective increase in the size of the orbital will take place. On increasing delocalization, the value of β decreases. This is why the calculated values of β in the present complexes are less than one. This indicates that the complexes under study have appreciable covalent character in the metal ligand (M-L) bond. Since the magnetic moment value of Mn(II) complexes is lower than the calculated one it is ascribed to an equilibrium between low and high-spin states of Mn(II)ion. In cis octahedral complex, the two amino group of triethylenetriamine are trans to each other. So, their condensation with small molecules like benzil or acetylacetone may hardly occur. If macrocycles are formed by their condensation then there is a lot of strain and hence the complexes are unstable.
On the other hand, in trans octahedral complex, the two amino group of triethylenetriamine are cis to each other. So, their condensation with benzil or acetylacetone takes place very easily. The macrocycles so formed are strainless and hence are stable.
In cis octahedral complex, the bond angle between two chlorine atoms is 90 o . Due to entropy factor and chelate effect, these two chlorine atoms are also shared by the second metal atom. It means the complex is dimerized. This type of dimerization is also found in Ti complex in Sharpless asymmetric epoxidation.
On the other hand, in trans octahedral complex, dimerization is not possible because Cl atoms are trans to each other.
The magnetic moment value reveals that all the complexes are in monomeric form and not dimerized. Thus we can conclude that the complex is trans octahedral and not cis octahedral. Cl 2 ] complex is due to phenyl group. A broad band at about δ1 to δ2 ppm indicates the presence of methylene protons present in the complex. Girgis et al. 19 have reported that a broadening band is the characteristic of Cu(II) complexes. In our case too, a broad band at δ1 to δ2 ppm has been observed.
Cl 2 ] can be divided into three major portions showing weight loss of various components. The first step shows the weight loss of about 16% between 137 to 310 ºC which compares well with the calculated value of 15.7% corresponding to two chlorine atoms. The second step runs through 310 to 510 ºC showing a weight loss of nearly 39.6% which is equal to the benzyl molecule. The third step (33%) corresponds to the loss of triethylenetetramine molecule compared to 32.8% in the temperature range of 510 to 939 ºC. In the end, the residue left is copper metal 20 (14%).
EPR spectra
From the EPR spectra of the polycrystalline copper(II) complexes at room temperature, their g || , g ⊥ and axial symmetry parameter (G = g || -2⁄g ⊥ -2) have been calculated. The complexes did not show hyperfine splitting at room temperature. It may be attributed to strong dipolar and exchange interaction between copper(II) ions in the unit cell. The room temperature g values of [Cu(L . In our case, it has been established from epr spectra that the ground state is d x 2 -y 2 orbital. It means that the two Cl atoms are bonded to the metal through z axis.
The G value measures the exchange interaction between copper centers in the polycrystalline solid. If G > 4, exchange interaction is negligible while G < 4, indicates considerable exchange interaction in the solid complexes. 22 For [Cu(L 
